The principal difficulties in genetic counselling of families with haemophilia B (Christmas disease, factor IX deficiency) relate to detection of female carriers and early prenatal diagnosis of affected males. Levels of factor IX coagulant activity (IX:C) have a wide normal range (60 to 160%) and serial assays in a single person 
Results
Probe VIII identifies two bands in blots of DNA from males and two or three bands in blots of DNA from females (fig 1) . The 5-3 kb band occurred in all subjects. In male subjects the second band was either 1-8 kb or 1-3 kb. The 500 bp fragment cleaved in the production of the 1-3 kb fragment is not visualised. Females were heterozygous (1-8/1-3 kb) or homozygous for either fragment. In the unrelated Scottish subjects (six males and 20 females) the frequency of the 1-8 kb fragment was 0-63 (29 of 46 X chromosomes) and of the 1-3 kb fragment 0-37 (17 of 46 X chromosomes). (table 3) . Although the heterozygote frequency was close to that predicted from the Hardy-Weinberg equilibrium, the homozygote frequencies for this RFLP were disturbed by linkage disequilibrium.
In our families, 14 of 31 (45%) females at high risk could be definitively counselled using this single polymorphic probe. Non-informative matings prevented counselling of 10 and paternal absence prevented counselling of seven females at risk. Both of these problems could be circumvented by applying other intragenic or closely linked RFLPs to produce a haplotype for the mutant allele.15
There is increasing evidence for heterogeneity among families with haemophilia B. For example, Parekh et a116 in a multicentre study of 98 families found 52 to be CRM negative, 30 to be CRM reduced, and 16 to have CRM levels above or equal to those expected from their levels of factor IX coagulant activity. Gene deletions of variable size Edwards2tt has estimated that a DNA segment 100 kb long has only a 50% chance of rearrangement in 700 generations or about 20 000 years. Hence, any haemophilia B family, even if extensive, will show non-random association or linkage disequilibrium for this intragenic RFLP and the disease mutation. However, linkage disequilibrium at a population level for haemophilia B and this intragenic RFLP would not be expected. Indeed, overall, the proportions of families with linkage to each RFLP fragment should reflect the individual fragment frequencies. In the west of Scotland there is a statistically significant departure from the expected ratio with most families demonstrating linkage to the less frequent 1-3 kb fragment. This is probably due to chance, but an alternative explanation might be that some of these families are distantly related, especially those with similar levels of factor IX activity (table 2) . This would be supported by finding an identical haplotype for several intragenic RFLPs in related families. Linkage disequilibrium is of practical importance as it will either increase or decrease the predicted value of a linked marker according to whether the disease is linked to the less frequent or more frequent allele.2' Thus a single polymorphic intragenic marker can help a substantial number of females at risk in families with haemophilia B. If technical problems such as confusion of samples and partial digestion are excluded then the only sources of error are intragenic recombination and disease due to a non-syntenic regulator mutation. The latter can be excluded by typing informative family members and the former is estimated to occur with a frequency of only 1 in 5000 to 10 000 for a recognition site 10 to 20 kb from the disease mutation.22 Linkage disequilibrium, non-information, and paternal absence are important limitations both for this and other similar studies, but despite these this study has demonstrated the practical value of this approach to genetic counselling for a single gene disorder.
